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Abstract: The Mw 7.8 Kaikōura earthquake ruptured ~200 km at the ground surface across the New Zealand plate boundary zone in the northern South Island. This study was conducted in an area of ~600 km2 in the epicentral region where the faults comprise two main non-coplanar sets that strike E-NE and NNE-NW with mainly steep dips (60о-80°). Analysis of the surface rupture using field and LiDAR data provides new information on the dimensions, geometries and kinematics of these faults which was not previously available from pre-earthquake active faults or bedrock structure. The more northerly striking fault set are sub-parallel to basement bedding and accommodated predominantly left-lateral reverse slip with net slips of ~1 and ~5 m for the Stone Jug and Leader faults, respectively. The E-NE striking Conway-Charwell and The Humps faults accrued right-lateral to oblique reverse with net slips of ~2 and ~3 m, respectively. The faults form a hard-linked system dominated by kinematics consistent with the ~260° trend of the relative plate motion vector and the transpressional structures recorded across the plate boundary in the NE South Island. Interaction and intersection of the main fault sets facilitated propagation of the earthquake and transfer of slip northwards across the plate boundary zone.










Historical earthquakes can provide key information about the earthquake and tectonic processes that shape plate boundaries (e.g., Sieh et al., 1993; Farías et al., 2010). The Mw 7.8 Kaikōura earthquake ruptured at least 14 faults (~200 km of surface rupture) (Fig. 1) across the New Zealand plate boundary zone in the northern South Island of New Zealand, and was recorded by both remote and terrestrial datasets (e.g., Hamlin et al., 2017; Litchfield et al., 2017). The earthquake produced geologically synchronous slip of up to ~12 m on faults within the mainly strike-slip Marlborough Fault System (MFS), which accommodates most (≥80%) of the relative plate motion (Fig. 1). Further south in the transpressional North Canterbury Domain (NCD) the earthquake ruptured faults with Late Quaternary slip rates <2 mm/yr and regional shortening rates 2-3 mm/yr (e.g., Nicol et al., 1994; Litchfield et al., 2014, 2017). Many aspects of the earthquake were unexpected including the number and geometric complexity of the faults, and the propagation of the rupture obliquely across the plate boundary which resulted in slip on faults with variable slip rates and in different tectonic domains.

To understand better the factors that contributed to the complexity of the earthquake, we present a preliminary analysis of the geometry and kinematics of the faults that ruptured during the Kaikōura earthquake in the epicentral area. The study area covers ~600 km2 and is located in the NCD immediately south of the Hope Fault. In the study area the earthquake ruptured a network of fault producing a total length of mapped traces of ~140 km (mapping is ongoing and both the number and total length of these traces may increase). The majority of these surface ruptures form along four primary faults or fault zones that are here referred to as The Humps, Leader, Conway-Charwell and Stone Jug faults, which are the primary focus of this presentation (Fig. 2). Analysis of the surface rupture from field mapping and LiDAR data provides new information on the dimensions, geometries and kinematics of these faults which was not previously available from the pre-earthquake active faults or bedrock structure.


Figure 1: Geological setting of the November 14 Mw 7.8 Kaikōura earthquake. A) New Zealand plate boundary setting with relative plate boundary motion vectors (DeMets et al., 1994). B) Digital elevation model of the Northern South Island showing active faults (white lines), the location of the Marlborough Fault System (MFS; between the Wairau and Hope faults), and the faults that ruptured in the 2016 Kaikōura Earthquake (black lines). Location of the North Canterbury domain is also shown on B.





In the NCD the faults that ruptured during the earthquake comprise two main non-coplanar sets that strike E-NE and NNE-NW with mainly steep dips (60°-80°). The more northerly striking faults which were largely unknown prior to the earthquake, generally strike sub-parallel to Torlesse basement bedding and accommodated predominantly left-lateral reverse slip (Leader and Stone Jug faults). East to northeast striking faults (Humps and Conway-Charwell faults) accrued right-lateral (east) to oblique reverse (northeast) slip. The earthquake produced maximum net slip of ~ 3 m on the Humps, ~ 5 m on the Leader, ~ 2 m on the Conway-Charwell and ~ 1 m on the Stone Jug faults (see selected field photos showing the scarp heights and lateral offsets along fences; Fig. 3). Slip is transferred between the main faults which intersect each other at the ground surface. For example, at the eastern termination of the Humps Fault zone, right-lateral reverse slip was transferred northwards onto the Leader Fault zone producing ~3 m uplift at the northern end of the Mt Stewart range in the hanging-wall of the Leader Fault (Fig. 2).

The hard-linked fault system is dominated by kinematics consistent with the ~260° trend of the relatively plate motion vector and the transpressional structures recorded across the plate boundary in the northeast South Island. Northerly striking faults accommodate distributed bookshelf shear and can also terminate at E-NE striking faults. Interaction and intersection of the main fault sets facilitated the northeast transfer of slip and propagation of the earthquake.
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Figure 3: Selected field photos showing scarp heights and lateral offsets along Leader, Conway-Charwell, The Humps and Stone Jug faults. Photos: Kate Pedley, Narges Khajavi, and Clark Fenton.
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